Radial distances from center of pad.
Magnetic Field as a Function of Distance

Weather Prediction
In general, for space vehicles the best means of lightning protection turns out to be avoidance. Weather prediction plays a major role in providing that protection, and is a prime factor in decisions for launch, re-entry, and hardware relocation on the ground.
First Line of Protection
Shielding and Catenary Systems
At the next level, space vehicles are increasingly dependent on methods of shielding. The External Tank used for Shuttle operations is moved from the Michoud facility in Louisiana to Kennedy Space Center in a barge that is protected by a perforated steel covering.
On the launch pad, catenary wire systems are commonly employed that provide excellent protection from a direct attachment. Shuttle has used a single wire configuration for the entire life of the Program, and while the catenary itself and its support mast have been struck many times, there has never been a direct attachment to the vehicle on the pad.
All forecasts used for official purposes at KSC come from one of two outside sources. 
Weather Prediction
The wires in a catenary system are intended to intercept the lightning, and down-conductors convey the current away from the catenary system to the ground. The catenary system prevents direct lightning currents from reaching the vehicle. This type of system is effective, but requires a fair amount of construction effort and space, with tall poles, a wire net, down-conductors, and a good ground system.
Catenary Systems
The catenary system at KSC located at pads 39A 
Here's a better look at the design. Construction is expected to complete in 2010. Note the pentagram-shaped opening circled in orange.
Launch Pad Lightning Warning System (Field Mill Network): Thirty-one advanced field mill sites around KSC and Cape Canaveral Air Force Station provide data on lightning activity and surface electric fields induced by charge aloft. This data helps forecasters determine when electric charge aloft may be sufficient to create triggered lightning during launch, and to determine when to issue and cancel lightning advisories and warnings.
Detection Networks
Cloud to Ground Lightning Surveillance System (CGLSS): Detects and plots cloud to ground lightning strikes within 125 nautical miles of the Kennedy Space Center. Location accuracy is optimum within 30 nautical miles. Locations of strikes are color coded according to time of occurrence.
Lightning Detection And Ranging (LDAR):
Developed by NASA at the Kennedy Space Center, LDAR plots intracloud, cloud to cloud and cloud to ground lightning in three dimensions within 75 nautical miles of the Kennedy Space Center. Location accuracy is very high within 25 nautical miles. LDAR data is important in determining the beginning and end of lightning conditions.
Detection Networks
National Lightning Detection Network: Plots cloud to ground lightning nationwide. Used to help ensure safe transit of the Space Shuttle orbiter atop the Shuttle Carrier Aircraft between Edwards Air Force Base in California and the Kennedy Space Center in Florida. It is also used to assess lightning beyond the 125-mile range of the Lightning Detection System.
Ground Operations
The greatest lightning threat to space hardware is on the ground.
Relocations from and to various processing facilities, from and to processing facilities and launch pads, and in recovery operations following landing all leave the hardware unprotected and exposed to cloud to ground lightning. This is because most, if not all space hardware is large, and moves quite slowly in transit. Thus, stringent move constraints must be employed in order to protect the hardware from lightning activity. For example, NASA Hardware move policies include weather constraints that preclude Orbiter towing operations during times when electrical storms threaten the area. Orbiter towing shall not commence if an electrical storm is within 5 nautical miles of the vehicle or conditions for potential electrical storm occurrence within 5 nautical miles of the vehicle are forecast for any period of travel of the vehicle. In the event that a lightning threat develops when the Orbiter is outside, then every practical effort is made to move the vehicle to a protected area. Similar, even more stringent constraints are in place for movement of the entire stacked vehicle when it is moved to the launch pad, an operation that requires about 6 hours to complete.
Operational Impacts
Flight Operations
The second greatest lightning threat to space hardware is triggered lightning events during launch, followed closely by natural lightning, either during launch or during descent and landing. Apollo 12 and AC-67 were both struck by triggered lightning. NASA employs a large number of weather related constraints for launch activities. Among these are fourteen rules governing lightning activity and the type and height of clouds in the area. A few of these launch commit criteria are:
Do not launch if lightning has been detected within 10 nautical miles of the pad or the planned flight path within 30 minutes prior to launch. Launch may occur if the source of lightning has moved more than 10 nautical miles away from the pad or the flight path and a field mill, used to measure electric fields, is located within 5 nautical miles of the lightning flash. Do not launch through an attached anvil cloud. If lightning occurs in the anvil or the associated main cloud, do not launch within 10 nautical miles for the first 30 minutes after lightning is observed, or within 5 nautical miles from 30 minutes to 3 hours after lightning is observed. Do not launch if the flight path will carry the vehicle through any cumulus cloud that has developed from a smoke plume while the cloud is attached to the plume, or for the first 60 minutes after the cumulus cloud detaches from the smoke plume.
Similar restrictions govern the decision for re-entry burn, to make sure there are no unacceptable weather conditions present during descent or at the time of landing.
Operational Impacts
"Real World" versus Analysis and Test
Natural lightning is difficult to reproduce in a laboratory environment with a degree of uniformity acceptable for certification purposes. So, various models of lightning have been developed over the years to aid in the understanding of the phenomenon, and to provide representative waveforms with controlled characteristics that can be faithfully reproduced. The most current model in use today is shown below.
Design Tools
Likewise, a current model for a severe negative lighting flash is shown below. 
Lightning Waveform Standardization
The key to understanding the relationship between direct and indirect effects is to realize that internal transients as characterized by waveforms 1 through 5 are produced by the external current waveforms A through D.
Even if no direct attachment occurs, voltages and currents still will be induced inside vehicle elements. The magnitudes of such induced voltages and currents inside the vehicle are proportional to the magnitudes of the external environment, and are a direct function of the shielding afforded by the outer mold line.
The external environment will couple into the vehicle via aperture and diffusion processes. Any breaks or seams that are not properly electrically bonded will allow the penetration of electromagnetic fields. The higher the impedance or anisotropy of the outer mold line material, the greater the amount of current that will penetrate the vehicle via diffusion. Thus, good electromagnetic shielding on the outer mold line of the vehicle is necessary to reduce the internal environment to a reasonable level.
Direct and Indirect Effects
The parameters of current component A are shown, together with a Bode plot of the spectral content indicating the break point frequencies.
Design Tools
Rolling Ball Theorem Modeling
Design Tools
Surface Protection of Composites Electrical Bonding Across Joints and Interfaces Thermal Protective System Plume Effects
External Design Considerations
Metal surfaces
Isotropic, homogeneous, and highly conductive Easily able to affect good quality electrical bonding across seams and gaps Offer excellent shielding characteristics Except for major strikes, surface damage is usually restricted to scorching and burning, accompanied by small pinhole punctures; may be more severe related to penetration through apertures Damage is mostly caused by local heating, acoustic shock, and magnetic effects
Composite surfaces Anisotropic, inhomogeneous, and moderately conductive Difficult to affect good quality electrical bonding Moderate shielding characteristics without additional surface treatments Without additional surface treatments, damage can be extensive even for moderate attachments, capable of producing large pits and complete penetrations through the OML Damage is caused primarily by current flow through an irregular impedance, as well as similar mechanisms seen with metal surfaces The simplest and most effective solution is to introduce a thin conductive layer in the OML, such as an expanded metal foil
Composite vehicles have a high impedance, highly anisotropic composite outer mold line material. With little or no additional shielding, internal circuitry and components will be exposed to potentially very high levels of induced voltages and currents as a result of external exposure to the lightning environment, irrespective of a direct attachment occurrence. The technique that has been used very successfully by the military and commercial aerospace industries for decades for composite airframes is to add a thin layer of expanded metal mesh into the outer mold line of airframe segments prior to autoclave, then provide good structural and electrical bonding for those segments upon assembly.
It is important to realize that the degree of shielding for the outer mold line is very difficult to adjust. One either has shielding or one does not have shielding. 
Internal Design Considerations
In summary, lightning is an insidious and random aspect of the natural environment with which the Constellation Program will have to deal. Lightning activity prediction is only a part of an overall successful protection approach. The other equally important part of a successful approach is an integral, solid, protection scheme for both direct and indirect effects that combines both external and internal protection techniques. In this way, the vehicle is protected from both damage and upset that can lead to serious impacts to operations, including loss of life and vehicle. 
Summary Backup
Lightning Waveform Standardization
Multi-Stroke Waveform Set: In many cases up to 14 randomly spaced strokes have been observed in negative cloud to ground flashes. Also several pulses of approximately 30 kA can occur in a random sequence in an intra cloud event.
The primary purpose of the Multiple Stroke Waveform set is to evaluate system functional upset of systems that may be susceptible to effects of multiple induced transients.
Multi-Burst Waveform Set: The Multiple Burst Waveform set is comprised of component H waveforms. Component H represents a high rate-of-rise current pulse whose amplitude and time duration are much less than those of a return stroke. Such pulses have been found to occur in groups at the initiation of a lightning strike to an aircraft and randomly throughout the lightning flash duration, together with the other current components.
The primary purpose of the Multiple Burst Waveform set is to evaluate system functional upset of systems that may be susceptible to effects of multiple induced transients.
